To reduce the uncertainty associated with current estimates of children's exposure to pesticides by dermal contact and indirect ingestion, residue transfer data are required. Prior to conducting exhaustive studies, a screening study to identify the important parameters for characterizing these transfers was designed. A fluorescence imaging system was developed (Ivancic et al., in press) to facilitate collection of surface residue transfer data for repeated contacts. Next, parameters that affect residue transfer from surface-to-skin, skin-to-other objects, and skin-to-mouth were evaluated using the imaging system and the fluorescent tracer riboflavin as a surrogate for pesticide residues. Riboflavin was applied as a residue to surfaces of interest. Controlled transfer experiments were conducted by varying contact parameters with each trial. The mass of a tracer transferred was measured and the contact surface area estimated using video imaging techniques. Parameters evaluated included: surface type, surface loading, contact motion, pressure, duration, and skin condition. Transfers both onto, and off of, the hand were measured. To efficiently identify parameter changes resulting in significant effects, the Youden ruggedness test was used to select the combination of parameters varied in each contact trial. In this way, more than one parameter could be varied at a time and the number of trials required was minimized. Results of this study showed that surface loading and skin condition (significant at alpha ¼ 0.05) are among the important parameters for characterizing residue transfers of riboflavin. Duration of contact within the time range investigated does not have a significant effect on transfer of this tracer. Results of this study demonstrate the potential for collecting dermal transfer data using the Ivancic et al. fluorescence imaging system and provide preliminary data to reduce uncertainty associated with estimating dermal exposures resulting from contact with residue-contaminated surfaces. These data will also aid in determining what additional residue transfer data should be collected and what type of microactivity data are needed to estimate dermal and indirect ingestion exposure to residues on household surfaces.
Introduction
The Food Quality Protection Act of 1996 (FQPA) requires that children's risks to pesticide exposures be considered during the tolerance-setting process. FQPA requires exposure assessments be conducted for all pesticide sources, not just food sources. It also requires that assessments use highquality and high-quantity exposure data, or models based on exposure factors generated from existing, reliable data.
Currently, data on children's exposures and activities are very limited and insufficient to support quantitative assessments that do not rely heavily on major default assumptions as substitutes for missing information (Cohen Hubal et al., 2000a, b) . Results derived from an initial assessment of critical exposure pathways and factors for assessing children's residential exposures to pesticides (Cohen Hubal et al., 2000a) indicate that dermal contact and indirect ingestion (e.g., mouthing of contaminated hands or objects) may result in high residential exposures for children. However, there are so few data associated with these pathways that exposure estimates may vary by orders of magnitude, depending upon the assumptions and exposure factors selected. Studies are needed to characterize activity, contact, and transfer factors that contribute to dermal and indirect-ingestion exposure.
Surface-to-skin transfer of contaminants is a complex process. Pesticide can be transferred to skin during contact with any contaminated exposure medium. For residential pesticide exposure, transfer from contaminated surfaces such as floors and furniture is potentially significant. Once on the skin, pesticide residues and contaminated particles can be transferred back to the contaminated surface during subsequent contact, loss by dislodgement or washing, or transferred into the body by percutaneous absorption or hand-to-mouth activity. Many of the important research questions that need to be addressed to increase our understanding of the relevant factors influencing dermal and indirect-ingestion exposures require that transfers from exposure media (in this case contaminated surfaces) to skin and the resulting dermalloading distribution be characterized and quantified.
Transfer of pesticide residues has been studied by hand press to aluminum foil spiked with pesticides (Geno et al., 1996) ; by hand press to carpet, painted sheet rock, and vinyl flooring treated with malathion (U.S. EPA, 1993) ; and by hand press onto pesticide-treated carpet and vinyl (Camann et al., 1996a) . In each of these studies, the hand was wiped or rinsed with 2-propanol (isopropyl alcohol) to collect the transferred pesticide for quantification. Camann et al. (1996b) compared the transfer efficiencies of dry pesticide residues to hands moistened with human saliva, artificial saliva, or the surfactant dioctyle sulfosuccinate (DSS). Here too, the hands were wiped with 2-propanol and the wipe analyzed for pesticide. Press transfers with the moistened hand ranged from 1% to 5%. Hsu et al. (1990) evaluated transfer of 13 different pesticides from aluminum foil to the hand heel. A series of 10 presses onto spiked areas of the foil were conducted prior to collecting the transferred pesticides with 2-propanol rinse. Both dry and moist hands were studied; two different press times (1 and 5 s/press) and two different hand motions (10 consecutive presses and a slide across the 10 spiked regions of the foil) were also tested. The effect of varying these parameters was not evaluated. The mean pesticide transfer efficiencies were between 5% and 16% with a relative standard deviation greater than 30%. Mean dermal recovery did not differ significantly among the evaluated pesticides.
Several studies have also been conducted to evaluate transfer of particles from surfaces to hands. Edwards and Lioy (1999) studied transfer of pesticides and house dust deposited on glass slides and nonelectrostatic polyethylene to hands. Transferred pesticides were collected from the hand using a 2-propanol rinse. Both particle transfer efficiency as a function of particle diameter and pesticide transfer efficiency for four pesticides were evaluated. Rodes et al. (2001) studied particle transfer from surfaces to hands as a function of particle size, surface type, skin moisture, and contact type (press, smudge). Particles were tagged with fluorescent tracer and a spot probe technique tested against hand rinses for evaluating mass transferred from surfaces to hands. This spot probe technique was also used to evaluate transfer resulting from a series of fingertip presses. Brouwer et al. (1999) examined the effect of single-hand press contacts and repeated contacts with a glass plate loaded with fluorescent powder. A video imaging technique was used to determine the exposed area and the particle adherence to the skin after one to 12 consecutive contacts. Contact duration, skin moisture, and surface loading were varied.
In the present study, parameters that affect residue transfer from surface-to-skin, skin-to-other objects, and skin-tomouth were evaluated using a fluorescent tracer as a surrogate for pesticide residues. A fluorescent tracer, riboflavin, was applied to surfaces of interest. Controlled transfer experiments were conducted by varying contact parameters with each trial. The mass of a tracer transferred was measured and the contact surface area estimated using video imaging techniques (Ivancic et al., in press ). In addition, preliminary laboratory evaluations were conducted to relate transfer of a tracer to transfer of pesticides. Parameters evaluated included: surface type, surface loading, contact motion, pressure, duration, and skin condition. Transfers both onto, and off of, the hand were measured.
The goals of this study were: (1) to test the fluorescence imaging system developed by Ivancic et al. (in press) , (2) to conduct a screening study to identify the important parameters for characterizing transfer efficiency of residues from pesticide-contaminated surfaces to hands, and (3) to collect transfer efficiency data for use in aggregate exposure models and assessments in support of the FQPA.
Methods

Study Design
This study was performed using the fluorescent tracer riboflavin as a surrogate for pesticide residues and video imaging technology to quantify dermal loadings. The study approach was as follows:
Apply riboflavin as a residue to surfaces of interest. Conduct controlled transfer experiments varying selected parameters. Measure mass of tracer transferred and estimate contact surface area using video imaging techniques. Conduct additional laboratory evaluations to relate transfer of riboflavin to transfer of pesticides.
Parameters evaluated included: surface type, surface loading, contact motion, pressure, duration, and skin condition. Transfers both onto, and off of, the hand were measured. Three subjects conducted the full set of trials to provide three independent replicates of each experiment. To efficiently identify parameter changes resulting in significant effects on transfer from surface to hand, the Youden ruggedness test (Cochran and Cox, 1957) was used to select the combination of parameters varied in each contact trial. In this way, more than one parameter could be varied at a time and the number of trials required was minimized. The experimental design used here is a 1/4 fractional replication of a 3 Â 2 5 factorial. The study design is presented in Table 1 .
Application of Tracer to Test Surfaces
The carpet used was a Shaw Champion, 100% nylon, textured cut pile with stainguard treatment; the laminate used was Lowes Home Improvement store brand counter-top laminate. Sampling surfaces were prepared in a residue deposition spray chamber designed for this study (Ivancic et al., in press ). Prior to applying the tracer or pesticide residue, the surfaces were cleaned. The laminate test platforms were cleaned using a Kimwipe wetted with DI water. Nylon carpet test platforms were vacuumed with an HVS3 to remove loose fibers. For each spray application, the 180 cm Â 60 cm test platform was centered on the floor of the chamber underneath a spray frame. The spray tank, containing 1.5 l of a 100 mg/ml solution of riboflavin in DI water, was pressurized to 50 psi, and this solution was sprayed onto the test surface through a wide-angle flat-fan spray nozzle which traversed the top of the spray chamber (180 cm wide Â 240 cm long Â 150 cm high) on a motorized trolley (Flood Jet; Spraying Systems Co.). With a spray rate of 20.770.2 ml/s and a trolley speed of 5.1 cm/s, the resulting liquid deposition on the platform was 20 ml/cm 2 , and the analyte loading was 2 mg/cm 2 . The sprayed platform was then transferred to the drying chamber for ventilation with a fan and blower. To apply an analyte loading of 10 mg/ cm 2 , a series of five spray and dry cycles was used. Variability in loading averaged 20% across the useable width of the spray chamber (160 cm), and 24% across the entire useable surface area (160 cm Â 180 cm) of the chamber. Platforms used for the hand-contact experiments and coapplied pesticide and tracer experiments, though, used only a portion of this area (60 cm Â 180 cm). Variability in loading across 60 cm averaged 10%.
The 60 cm Â 180 cm laminate (or carpet) platform was platted into three rows, each row consisting of 11 block areas 16 cm wide Â 20 cm high. One block per row was allocated to a deposition coupon, and the other blocks were used as the sequential hand press areas of an individual hand contact experiment. Thus, three experiments with one subject were completed on one platform.
Contact Trials
Three college-age subjects were recruited for the handcontact trials. Each subject completed the full set of trials over a series of three separate visits. Six contact parameters were systematically varied in each trial to efficiently test for significant effects. For a given set of parameters, a series of full-hand contacts (3-7 contacts) with the treated surface were conducted. Each contact was made in a fresh location on the test surface and the hand was imaged after each contact. When the net transfer of residue to the hand from one contact to the next was negligible, one of three removal methods were tested to characterize transfer off of the hand: pressing to a clean surface, rinsing with soapy water, sucking the thumb. Following each transfer the hand was imaged to measure dermal loading.
For each experiment, the surface type was selected (carpet or laminate) and the surface prepared with the required loading (2 or 10 mg/cm 2 ). The subject washed both hands with warm soapy water, and the skin condition was set according to the experiment number (dry, moist, or sticky). Skin moisture was measured using a corneometer (Courage þ Khazaka GmbH). Then the subject pressed the hand to the surface with the designated motion (press or smudge), time (2 or 20 s), and pressure (0.1 or 1 psi). After imaging, the contact was repeated in a new location on the test platform using the same test conditions. The parameter levels used in this study are summarized in Table 2 .
To set the skin condition, dry hands were obtained by drying the hands following washing and holding the hands up in room air for 30 s. A moist hand was obtained by drying the hand as described above and then holding the hand 8-10 cm away from the outlet of a CoolMist vaporizer for 20 s. The sticky-hand condition was generated by applying 1.2 g of Karo syrup to the hands and having the subject rub their hands together for 5-10 s to disperse the syrup. For the moist-hand condition, the hand was remoistened before each surface contact. However, for the sticky condition, the syrup was applied only at the start of the experiment. To apply the desired pressure, the sampling surface was placed at a height to facilitate the desired pressure. For those experiments where the subject was required to apply the heavy pressure (1 psi), the sampling surface was placed on the floor. The subject was instructed to get down on hands and knees, and to apply about one-fourth of the body weight to the surface of the palm being pressed. For those experiments where the subject was required to apply the light pressure (0.1 psi), the sampling surface was placed on a laboratory table. The subject practiced 10 presses on a scale to learn the sensation of the light and heavy presses.
The smudge contact involved placing the hand down with fingers 1 cm apart, with the middle finger pointing to the NW corner of the press square, and then twisting the hand until the middle finger points to the NE corner of the square. Prior to initiation of the experiments, each subject carried out a small test to determine the contact area for the smudge action. Tempura paint was applied to the palm of the one hand and the subject performed the smudge protocol on paper that was then analyzed with the image analysis software for area integration.
The removal hand press to a clean surface involved a single press to the same surface type, using the same contact motion, contact pressure and contact duration as used to accumulate the tracer. To simulate the hand-washing activity, 1 l of cool water with one drop of a liquid hand soap, was poured over the subject's hands. The subject was instructed to ''clean'' their hands under the poured water and then shake them to remove excess water. After washing and shaking, the contact hand was imaged for fluorescence, then dried with a soft paper towel and imaged again for fluorescence; drying the hand with a paper towel resulted in a significant interference to the riboflavin signal. Thus, only the fluorescence data for the hand imaged immediately after washing was used to assess the effect of washing on removal of riboflavin. To simulate the hand-to-mouth activity, the subject was asked to suck his or her thumb for 20 s.
Measurement of Dermal Loading
Dermal residue loadings were measured using a fluorescence imaging system that was assembled using commercial hardware and software components. The system consisted of, in sequence, a fluorescent lamp for excitation of fluorescence, dual filters to remove all UV-B light, a Canon 20iR digital video camera, an image intensifier (VARO, Inc.), the Matrox Corona image processing system, and the Matrox Inspector data-processing software for area and intensity quantification. The fluorescence imaging system, and calibration of the system, is described in detail by Ivancic et al. (in press ).
The tracer used for this study was Vitamin B 2 (riboflavin). This compound is nontoxic and easily removed from hands with a soap and warm-water wash. It is highly fluorescent when excited at 375 nm in the UV-A region, with its major fluorescence beyond 500 nm, peaking at about 540 nm and having a strong signal at 590-600 nm. Skin fluorescence lies mainly in the 400-450 nm region; thus, natural skin fluorescence interferes only slightly with the Vitamin B 2 tracer fluorescence in the longer wavelength region. Because of the fluorescence characteristics of riboflavin, the monitoring system can use standard fluorescent light (e.g., 440 nm) as the excitation source, thus eliminating concerns about the exposure of subjects to UVA and UVB radiation.
Following each contact with a test surface, the hand was positioned on a plane in the system chamber such that the excitation lamp, filtered to transmit blue light, directed energy down onto the hand. The resulting image of the hand consisted of fluorescence at various intensity levels over the hand. These intensity levels are related to the loading of residue resulting from contact with the tracer-loaded surface as well as background fluorescence from natural skin pigments. To correct for background skin fluorescence, the original hand image (obtained before contacting the tracer) was subtracted from each hand image after contact. Once the natural skin fluorescence component had been removed, the intensity of tracer on the remaining image (Figure 1 ) was determined and used to quantify the total residue loading on the hand or on a portion of the hand (e.g., thumb). The variability in the quantitation was approximately 13%.
Pesticide-Tracer Transfer
Pesticide-tracer transferable residue trials, included application of both the tracer and pesticide to both carpet and laminate surfaces, followed by collection of deposition coupons and collection of transferable residues with both the PUF roller and the C18 press sampler. A retail formulation (Spectracide) of chlorpyrifos at 6% in an aqueous solution was combined with bioallethrin (to achieve 1/10th the loading rate of the chlorpyrifos). The riboflavin and chlorpyrifos were applied to the test surfaces at the same loading, except for one application where the chlorpyrifos was applied to give a loading 1/10th that of the riboflavin.
Eight deposition coupons were placed at designated locations on the test surface prior to application of the pesticides and tracer. The deposition coupons consisted of Johnson&Johnson SOF-WICK gauze pads backed with aluminum foil. Half of these coupons were retrieved immediately after the application, prior to ventilation of the area. Following 1 h of ventilation with a fan and blower, the remaining deposition coupons were retrieved and the transferable surface residue samples collected. Two PUF roller samples were collected per test surface using a slight modification of the ASTM standard method (ASTM Standard D 6333-98, 2001 ). Here, the PUF sampling media consisted of a core surrounded by a 1/4 inch sleeve. Following sampling of the transferable residues, the sleeve was removed from the core for extraction. A modified EL press sampler (Edwards and Lioy, 1999) was used to measure transferable residues in six locations on each surface. A solid base of the same weight as the EL sampler was used with two Empore disks as the sampling medium. The sampler was applied for 2, 20, and 120 s with each collected in duplicate. For this study, each disk was analyzed separately; one for pesticides and one for tracer.
Extraction of the tracer was accomplished using either accelerated solvent extraction (ASE) with subcritical water for deposition coupons or manual squeeze techniques with water (for PUF) or a water-methanol mixture (for Empore). Recoveries were 480% with spike levels of 0.1-20 mg. Pesticides were extracted from deposition coupons using acetone and ASE, from Empore using acetone and the manual squeeze technique, and from PUF using 10% diethylether in hexane. PUF was extracted in sequence with water for the tracer, then with 10% diethylether in hexane for pesticides. Extracts were analyzed for tracer by fluorescence using a spectrofluorimeter and for pesticides using GC/MSD.
Statistical Analysis
Descriptive statistics were calculated for measured loading and percent transferred to the hands, including mean and standard deviation. Multifactorial ANOVA tests were then conducted to explain the different contributions of the experimental parameters on the overall model. ANOVA tests were performed on hand loading and transfer efficiency resulting from the initial contacts for all model parameters: surface type, surface loading, contact type, pressure, durations, and skin condition. These same tests were also run excluding results from experiments with the sticky skin condition. Finally, a mixed procedure test was run on all repeated hand-loading data with and without the sticky hand condition data. Table 3 . Averages for the three subjects are shown for the initial contact and for removal at the end of the experiment. Coefficient of variation are within a factor of 1 or less for these results with the exception of removal by mouthing. Because thumb sucking was difficult to standardize, the methods for characterizing removal by mouthing will need further development and verification.
Results
A summary of results for the individual experiments is presented in
Results for the first five contacts are summarized in Tables 4-6. Because many of the experiments were stopped prior to the seventh contact when it appeared that the net transfer of residue was negligible, there were only a limited number of data points after contact 5. Dermal loading (Table 4) , incremental transfer efficiency (Table 5) , and overall transfer efficiency (Table 6 ) following each contact are summarized by hand condition, surface type, and surface loading. Results indicate that the sticky condition had a large effect on dermal transfer efficiency. To see the effect on other parameters, the analysis also was conducted excluding the data collected under the sticky condition. For most conditions, dermal loading appears to reach a maximum by the fourth or fifth contact; the direction of transfer following subsequent contacts was seen to alternate for several of the conditions. An interesting result of this study is that after the first few contacts the surface characteristics (i.e., carpet vs laminate) do not seem to have a strong effect on transfer.
The incremental transfer efficiency (Table 5 ) was calculated by considering the transfer for an individual contact. For any given contact: TE incremental ¼ ½ðmass on hand after contact À mass on hand prior to contactÞ=contact area of single contact=surface loading Where surface loading is the mass of residue on the surface per unit area of surface (measured using deposition coupons). For a press, the contact area is similar to the palm surface area; for a smudge, the contact area is greater than the area of the palm.
The overall transfer efficiency (Table 6 ) was calculated by considering the transfer for the entire series of contacts. For any series of contacts: TE overall ¼ ðmass on hand after final contact =total surface area contactedÞ=surface loading In this case, for a series of three presses, the total surface area contacted is similar to three times the surface area of the palm.
When looking at the data for incremental transfer efficiency (Table 5) , a clear trend is apparent. The percent of residue transferred decreases with each sequential press. This finding is not unexpected as we anticipated that there might be a saturation effect, or a maximum loading that would be reached for different skin conditions. It is interesting to note, though, that the trend in incremental transfer versus contact number is very similar for the seven conditions evaluated.
While the incremental transfer efficiency decreases significantly with increasing number of contacts as the dermal loading reaches a maximum (and may even be negative if unloading occurs during a given contact), the overall transfer efficiency (Table 6 ) actually decreases at a much lower rate. The overall transfer efficiency, correctly applied, may be most relevant for modeling and assessing aggregate exposures in the residential environment.
Results of the statistical analysis to identify significant parameters for characterizing residue transfers are presented in Table 7 . These results show that the effects of surface loading, skin condition (even without consideration of the sticky condition), and contact type on transfer from surfaces to hands are all significant at alpha ¼ 0.05. The effects of surface type, duration, and pressure over the range tested are not significant for this tracer.
Results of pesticide-tracer transfer experiments are presented in Figure 2 and Table 8. Figure 2 shows that there is a significant difference in the transfer from carpet to the C18 press sampler for chlorpyrifos and riboflavin. This difference Incremental transfer, %, average (SD) 1 3.0 (2.7) 7.1 (6.1) 14 (18) 6.4 (7.0) 10 (16) 3.9 (4.0) 13 (16) 2 2.5 (4.0) 7.7 (5.7) 7.5 (18) 8.0 (9.5) 3.6 (13) 3.7 (3.5) 8.1 (16) 3 2.0 (5.4) 4.0 (7.3) 6.9 (7.3) 3.8 (7.2) 4.8 (6.8) 1.7 (1.7) 7.0 (9.0) 4 0.9 (3.1) 1.9 (2.5) 2.3 (8.0) 1.1 (6.3) 2.3 (4.2) 0.9 (1.8) 2.7 (7.4) 5 1.3 (2.2) 1.0 (3.7) 2.0 (5.3) 1.7 (2.4) 1.3 (4.9) 0.3 (1.1) 2.5 (5.0)
Incremental transfer, % (without sticky hand data), average (SD) 1 3.0 (2.7) 7.1 (6.1) 4.9 (5.3) 5.2 (4.9) 2.6 (2.1) 7.5 (6.0) 2 2.5 (4.0) 7.7 (5.7) 5.8 (6.0) 4.2 (4.9) 2.8 (3.0) 7.3 (6.6) 3 2.0 (5.4) 4.0 (7.3) 2.1 (6.4) 4.0 (6.4) 1.4 (1.3) 4.7 (8.8) 4 0.9 (3.1) 1.9 (2.5) 0.9 (3.0) 1.9 (2.6) 1.0 (1.8) 1.8 (3.8) 5
1.3 (2.2) 1.0 (3.7) 1.6 (1.6) 0.7 (3.8) 0.4 (1.2) 1.9 (3.9) Overall transfer, %, average (SD) 1 3.0 (2.7) 7.1 (6.1) 14 (18) 6.4 (7.0) 10 (16) 3.9 (4.0) 13 (16) 2 2.8 (2.5) 7.4 (5.2) 11.1(9.7) 7.2 (7.6) 6.9 (7.1) 3.8 (3.1) 10 (8.8) 3 2.5 (2.9) 6.2 (4.7) 9.7 (7.6) 6.1 (6.3) 6.2 (6.0) 3.1 (2.2) 9.3 (7. increases with sampling time. In Table 8 , results are presented for transfers to both the C18 press sampler and the PUF roller from carpet and laminate. Here, the transfer efficiencies of riboflavin from a laminate surface to either the C18 or PUF appears to be considerably greater than the transfer of the pesticides to those same media. In contrast, the relative transfers of riboflavin and chlorpyrifos from carpet to either collection medium appear to be similar. Thus, for this limited data set, transfer appears to vary with the compound, sampling medium, and surface type.
Discussion
Application of Imaging System for Characterizing Dermal Transfer
The application of the fluorescent tracer imaging system developed by Ivancic et al. (in press ) for use in measuring transfer of surface residues to skin was successful. Data were readily acquired for all test conditions. However, improvements in the surface application of residue would reduce uncertainty associated with the transfer data collected using this imaging system. In addition, there were experimental challenges associated with the high loading condition used in these experiments. Because most pesticides are now applied using crack and crevice application techniques rather than broadcast, the high level used in these experiments is no longer relevant to most residential exposure scenarios. Fortunately, results of this work indicate that the imaging technique has the sensitivity to allow tests at lower tracer loadings.
Important Parameters for Characterizing Transfer Efficiency of Residues
The study presented here was designed as a screening study to identify relevant parameters for understanding and assessing dermal transfer and exposure from residue contaminated surfaces. In the process, a significant set of data on dermal Figure 2 . Transfer from carpet to press sampler versus sampling duration.
transfer was collected. For transfer following a single contact, mean transfer efficiency of riboflavin ranged from 1% to 14% (dry and moist hand conditions). These results were similar to the 1-16% reported in the literature for transfer of pesticide residues (Hsu et al., 1990; Camann et al., 1996b) . The statistical analysis of the complete set of data indicate that several parameters previously considered to be important for characterizing dermal transfer from residue contaminated surfaces and the resulting residues on hands available for indirect ingestion may not be significant. These include contact duration and contact pressure. As such, analysis of video data collected for the purpose of quantifying microactivity data may not need to consider contact duration. On the other hand, results for the sticky hand condition and at high surface loading may have skewed the results. As such, levels for these conditions should be refined and additional data collected to improve characterization of these transfers. Finally, for repeated contacts in particular, the effect of surface type does not appear to be significant based on the results of this analysis. Although this result contradicts previously published results, studies reported in the literature demonstrating the importance of surface type were usually based on a single contact. Therefore, more data are required to better evaluate the effects of surface characteristics on dermal transfer following repeated contact. It is possible that this result may change when the parameter level for surface loading is adjusted and more data collected. However, it is also possible that for repeated contact, as would typically occur in the real world, the loading of residue on the hand, following initial contacts has more of an impact on subsequent transfers than do the properties of the surface. If so, the surface type may not be particularly significant for characterizing dermal transfer and assessing dermal exposures. Because the significance of surface type is not totally consistent with previous studies, more data are required to evaluate these results. Results of the experiments comparing transfers of pesticides and tracers indicate that there are potentially very significant differences in the transfer efficiencies of different residues, particularly for contacts of extended duration. This result is expected based on differences in physicochemical properties of the compounds evaluated here. In order to best apply the data set collected here for riboflavin to the range of compounds found on surfaces in the residential environment, more extensive data relating transfer to the physicochemical properties of the compounds are required. Effects of formulation may also need to be considered.
The effect of extended sampling durations on transfer for the different compounds has additional implications for development of surface sampling protocols. If these sampling methods are to be used to generally characterize residues of differing properties that are available for mechanical transfer from residential surfaces, then it may be important to minimize the sampling duration. If this is not achieved, then significant mechanistic understanding (e.g., rates of absorption of various compounds into the sampling media based on the physicochemical properties of compounds) will be required to interpret results of surface measurements.
Dermal Transfer Data for Use in Aggregate Exposure Models and Assessments
Three important types of data required for modeling and assessing aggregate exposures to pesticide residues were collected in this study. Dermal loading (mass per unit area of skin) is required to model and assess: (1) residue levels available for mouthing, (2) maximum residue levels that can be loaded onto the skin, and (3) residue levels available for absorption into the skin. Transfer efficiency (mass per unit area of surface contacted divided by surface loading) is required to estimate potential dermal loading from surface residue loadings that are collected in the field or predicted using models. Finally, data on repetitive contacts are required to understand how dermal loading and transfer efficiency change over a series of contacts. Real-world exposures are the result of a series of contacts and transfers. The challenge is to relate the data collected in the controlled laboratory experiments with transfers that occur in the residential environment. Two main approaches are currently used to assess dermal and indirect ingestion exposure (Cohen Hubal et al., 2000) . These assessment approaches provide different means of integrating exposure over time and space. The temporal and spatial scales of activity patterns, exposure media concentrations, and transfer efficiencies that are required for these approaches will be different. In the microactivity approach, exposure is explicitly modeled as a series of discrete transfers resulting from each contact with a contaminated medium. To use the microactivity approach, a significant level of detail (i.e., ''microactivity data'') is needed to characterize dermal contact with chemical residues and to quantify subsequent dermal absorption and indirect ingestion. In the macroactivity approach, exposure is modeled using empirically derived transfer coefficients to aggregate the mass transfer associated with a series of contacts with a contaminated medium. The macroactivity approach affords the possibility of developing screening level exposure assessments in a shorter time frame and with fewer resources than would be required for the microactivity approach. However, the macroactivity approach has yet to be verified for use in the residential environment. With the transfer data collected in this study for a series of contacts we can begin to compare and evaluate the results of models using these two different approaches.
